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THE SIZE DISTRIBUTION OF MINERALS IN 
MISSISSIPPI RIVER SANDS 


R. DANA RUSSELL 
Louisiana State University 


ABSTRACT 


Sediment samples collected from the bed of the Mississippi River show a considerable 
variation in grain size and degree of sorting. A study of pairs of samples, from adjacent points 
in the River, which differ in one or both of these features, indicates that these variations pro- 
duce such differences in mineral composition that accurate mineralogical comparison of the 
samples is not possible on the basis of the usual methods of analysis and comparison. Various 
comparison methods were therefore tested. The most successful one, which eliminates most of 
these differences in mineral composition, is recommended for use in any study of sediments 
involving the detailed mineralogical comparison of a series of samples differing in average 


grain size or sorting. 


Most students of sediments recog- 
nize the fact that clastic sediments 
of identical source and mode of dep- 
osition are not necessarily identical 
in mineral composition, and that dif- 
ferences in composition are fre- 
quently related to size of grain. The 
most obvious example of this prin- 
ciple is the difference in composition 

between a conglomerate and a shale. 
However, the fact that a particular 
type of sediment, sand for example, 
may show a considerable variation 
in mineral composition with com- 
paratively small differences in aver- 
age size of grain, or in degree of 
sorting, has not been sufficiently em- 
phasized in view of its importance 
from the standpoint of the interpre- 
tation of sediments or of their use for 
purposes of correlation. Recognition 
of the presence of such differences in 
composition, and the use of a method 
of comparison which will at least 
partially eliminate them, is almost 
essential to any study involving the 
comparison, mineralogically, of a 


series of sediment samples differing 
in average grain size or sorting. 
References to this subject in the 
literature are surprisingly few, and 
most of them deal only with varia- 
tions in percentages of the accessory 
or “heavy’’ minerals of sediments. 
Mackie (1) has shown that, due to 
processes of sedimentation, the total 
percentage of heavy minerals differs 
in sands of different grain size, and 
also in the various size grades of a 
particular sample, tending to be con- 
centrated in its finer grained portion. 
This principle is well known to all 
sedimentary petrologists. Mackie, 
however, did not discuss variations 
in percentages of the individual 
heavy minerals in the different size 
grades of a single sample, though the 
occurrence of these variations is 
largely a corollary to the laws govern- 
ing the distribution of the heavy 
mineral group as a whole. Actual 
analyses of the heavy mineral con- 
tent of various size grades of clastic 
sediment samples have been made by 
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several workers (2), and have shown 
that such variations often are of con- 
siderable magnitude. Yet many of 
these investigators apparently failed 
to realize that if the percentages of 
the various heavy minerals differed 
with size of grain in a single sample, 
they would also be different in two 
samples of different average grain 
size. Sorting as a factor in the dis- 
tribution of the individual heavy 
minerals in different samples has 
also been largely disregarded. 

The first analytical treatment of 
this problem, as far as the writer is 
aware, is that given by Rubey (3). In 
this excellent theoretical discussion, 
Rubey showed that there should be 
major differences, not only in the 
percentages of the various heavy 
minerals in the different size grades 
of a particular sample, but also in 
the heavy mineral composition of 
two sands of identical source, de- 
posited at the same time and distance 
from the source, but differing in 
average size of grain, or in sorting, or 
in both of these features. These dif- 
ferences, he pointed out, may be of 
such magnitude as to make the 
sands appear to be quite unrelated, 
unless a method of comparison is 
used which will eliminate most of the 
differences. 

Severa] methods of comparison of 
samples, designed to obviate these 
difficulties, have been described. Pet- 
tijohn (4) has used a system in which 
the percentage of each heavy mineral 
is referred to a standard mineral, i.e., 
garnet, and the variation of each 
mineral shown with respect to this 
standard. Cogen (5) compares the 
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percentage of each heavy mineral to 
the percentage of the same mineral 
in a standard “reference sample.’ 
Although these methods have their 
advantages, neither is applicable to 
all types of problems. The method 
suggested by Rubey (3) seems to be 
more Jogica). It consists in averaging 
the heavy mineral composition of 
two size grades from each sample. 
One of these grades should be the 
same actual size for all samples; the 
other should be the same relative size 
with respect to the sorting of each 
sample. 

Less attention has been devoted to 
the light minerals, but, as might be 
expected, analyses (2. Sabban, Gra- 
ham, Trowbridge and Shepard, Man- 
ger; 6, Martens) haveshown that they 
also vary in percentages in the differ- 
ent size grades of a particular sample. 
Samples differing in average grain 
size Or in sorting should, therefore, 
show differences in the composition 
of both their light and heavy frac- 
tions. 

This subject has interested the 
writer for some time and became of 
paramount importance in a study of. 
the minera] composition of bed ma- 
terial* samples from the Mississippi 
River. Samples collected at intervals 
of a few miles from Cairo, IIl., to the 
Gulf of Mexico, are being studied 
with a view to determining the effect 
of transportation by the River upon 


8 The term bed material is used by the 
Mississippi River Commission to indicate 
sediment at rest on the bed of the stream, in 
contrast to the bed load and suspended load, 
which are in motion. Bed material may there- 
fore be considered, in most cases, to be bed 
load which is temporarily at rest 
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the mineral composition of its bed 
load. If the data secured from such a 
study are to lead to trustworthy con- 
clusions, it is obvious that differ- 
ences between samples due to local 
variations in grain size and sorting 
must be eliminated, in order that any 
progressive changes in composition 
which may be present will not be ob- 
scured by local differences. In order 
to determine the magnitude of such 
differences, and to develop, if possi- 
ble, a method of comparison which 
will eliminate them, a few picked 
samples were studied in detail. 

The first sample studied is a 
fairly well sorted, medium-grained 
sand, collected from the bed of the 
River seven miles below Cairo, III. 
Analyses made of each size grade of 
this sample showed decided varia- 
tions in the percentages of both the 
light and heavy minerals.” A search 
was then made, among the samples 
available for study, for pairs of sam- 
ples differing in grain size or sorting, 
but from adjacent points in the River 
where there was little possibility of 
addition of materia) from extraneous 
sources between the samples of a pair. 
Three such pairs were found and the 
results of their analysis are presented 
here. 


THE SAMPLES 


The samples available for study 
were collected by the Mississippi 


River Commission. During August 


and November of 1932, 531 samples 
were taken between Cairo, Ill., and 


> Since the data secured from this sample 
are more or )ess dup)icated by those secured 


from the other samples studied, its analysis is 
not shown. 
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just below New Orleans, La. An ad- 
ditional 84 samples were collected 
between New Orleans and the Gulf 
during the month of May, 1934. An- 
notated maps show the localities 
from which the samples were secured, 
and the conditions of the banks and 
depth of the water at the time of 
sampling. Mechanical analyses and 
absolute specific gravity determina- 
tions of the samples were made by 
the Soil Mechanics Laboratory of the 
UV. S. Waterways Experiment Sta- 
tion.* Study of the mechanical ana- 
lyses and the annotated maps showed 
that there are three pairs of samples 
which differ in grain size or sorting, 
but are from places in the River 
where no tributaries enter the River 
between the collection points of the 
two samples of a pair, and where the 
banks were stable at the time of 
sampling. These are samples M-144 
and M-146, near Barfield, Ark.; 
M-760% and M-7605, about 11 miles 
above the mouth of Old River (lower 
course of Red River), La.; and M- 
968% and M-972i, at New Orleans, 
La. The number of each sample 
represents the mileage, (by river) 
below Cairo, Ill., at the point where 
the sample was collected. 
Histograms of the mechanical com- 
position of the samples are shown in 
Figure 1. Sample M-144 is a very 
¢ The mechanical analyses, specific gravity 
determinations, and other physical constants 


for these samples are given in ‘‘Studies of 
river bed materials and their movement, with 
special reference to the Lower Mississippi 
River,” Paper 17 of the U. S. Waterways 
Experiment Station, Vicksburg, Miss. Analy- 
ses of the mineral composition and shape and 
roundness of the sand samples, and studies of 
the results of the mechanical analyses, are in 
progress at Louisiana State University. 
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poorly sorted pebbly sand, without a 
marked concentration of material in 
any particular size grade. M-146 is 
a fairly well sorted coarse-grained 
sand, with the maximum amount of 
material in the 35 mesh grade.* The 
other samples all show fairly good 
sorting. M-760} is a fine-grained 
sand, with the maximum in the 
100 mesh grade; M-7603 is coarser 
grained, with the maximum in the 
48 mesh grade. M-9683 and M-9723 
have maxima in the same grades, re- 
spectively, as M-760} and M-7603, 
but are somewhat better sorted. 


METHOD OF STUDY 


After drying for five hours at 
105° C., each sample was allowed to 
cool to room temperature and a small 
portion of the sample cut out with a 
Jones splitter. The remainder was 
then placed in a series of nested 
sieves, These are standard Tyler wire 
mesh sieves in which the size of the 
openings increase, from fine to coarse, 
approximately in the ratio of the 
square root of two. The nested sieves 
were then shaken for 20 minutes in a 
Ro-Tap mechanical shaker. After the 
sample had thus been separated into 
size grades, each grade was weighed, 
and the heavy minerals were then 


Designation 


of grade Passed by 
14 mesh 10 mesh, 1.651 mm. 
20 mesh 14 mesh, 1.168 mm. 
28 mesh 20 mesh, 0.833 mm. 
35 mesh 28 mesh, 0.589 mm. 
48 mesh 35 mesh, 0.417 mm. 
65 mesh 48 mesh, 0.295 mm. 
100 mesh 65 mesh, 0.208 mm. 
150 mesh 100 mesh, 0.147 mm. 
200 mesh 150 mesh, 0.104 mm. 
<200 mesh 200 mesh, 0.074 mm. 
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4 The designations and sizes of the grades discussed are as follows: 


separated in bromoform. After wash- 
ing and drying the light and heavy 
separates, the strongly magnetic ma- 
terials (magnetite and flakes of iron) 
were removed from the heavy sepa- 
rates with a smal] horse-shoe magnet, 
and the weight percentages of the 
heavy separates and their magnetic 
portions calculated. The magnetic 
separates were then examined under 
a binocular microscope, for, though a 
double separation of the magnetics 
was made, some non-magnetic and 
weakly magnetic grains were usually 
trapped with the magnetics. The 
weight percentage of these grains was 
estimated and subtracted from the 
calculated weight percentage of the 
magnetics. Microscope slides were 
then prepared of both the heavy 
separates (minus the strongly mag- 
netic materials) and the light sepa- 
rates, and frequency percentages of 
the minerals determined by counting 
between 300 and 500 grains as the 
slide was moved across the field of 
the microscope by means of a me- 
chanical stage. The light minerals 
were studied in three separate slides 
in order to secure accurate percent- 
ages. One was mounted in kollolith 
(N = 1.5354), one stained with mala- 
chite green, and the third immersed 


Seive sizes (diameter of openings in mm.). 


Retained on 

14 mesh, 1.168 mm. 

20 mesh, 0.833 mm. 

28 mesh, 0.589 mm. 

35 mesh, 0.417 mm. 

48 mesh, 0.295 mm. 

65 mesh, 0.208 mm. 
100 mesh, 0.147 mm. 
150 mesh, 0.104 mm. 
200 mesh, 0.074 mm. 
pan. 
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in a liquid of refractive index 1.560 
for determination of the more calcic 
members of the plagioclase feldspar 


M-144 


mounted in piperine (N=1.68). In 

each case a “‘microsplit”’ (7) was used 

to cut out the material to be mounted 
M-760V6 


ro 


€0 
80 


80 M-760Ve 
a 


60 


PERCENTAGE 


M-968)/2 


M-146 


GRADE |*° 
size 


°. 
18.8 
3. 


= 
Fic. 1.—Histograms showing the mechanical composition of the samples de- 
scribed. Percentages of the various grades are by weight. 


group (labradorite, bytownite, and 
anorthite).° The heavy minerals were 

¢ This treatment of the light minerals has 
been described by the writer in ‘Frequency 
percentage determinations of detrital quartz 
and feldspar,’”’ Jour. Sed. Petrol., vol. 5(1935), 
pp. 109-114, 


on the slide. The portion of the whole 
sample, separated out before sieving 
the remainder, was treated in the 
same manner as the individual grades. 
This procedure involved, for the 
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TABLE 1. Mineral position of ples M-144 and M-146, 


Grain size (mesh) 
Mile No. 
Weight% of each grade (mech. anal.) 


20 28 


Whole sample 
144 146 


146 146 


LIGHT SEPARATES (frequency % of minerals) 


1. Chert and fine-grained quartzite 


w 

Zau 
Baw 
~ 
a 


Feldspars 12 16 


6. Calcic plagioclase........... 
ves 


9. Weathered feldspar......... 
11. Muscovite 


16. Carbonaceous matter.......... 


HEAVY SEPARATES 


Weight % of heavy separate 


Weight % of magnetics 


Frequency % of other minerals on 
basis of 100% 


3 


3 

=] 

= 

a 

3 


nN 


@ 
x 


Pyroxenes 
11. Augite and diopside. ...... 
13. Brown pyroxene........... 
14. Hypersthene.............. 
Amphiboles 
15. Common hornblende....... 
16. Blue-green hornblende. .... 
17. Basaltic hornblende........ 
18. Actinolite and tremolite.... 
Accessories: 


O 


29. Tourmaline (a) 
30. Tourmaline (b) 
31. Tourmaline (c) 


33. Garnet (b).... 
35. Dolomite and siderite.......... 
. Collophane... . 


o 
= 
g. 
VU 


Ratio: Quartz to quartz plus total 
69 


NNO 


a 


12. 
8. 
0. 


87 


81 


76 80 


81 


81 


P =Present in amounts less than one per cent but fairly common. 


R=Rare. 
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48 65 100 150 200 <200 . 

2 4 6 3 7 13 8 9 5 5 7 6 : 

3 4 4 6 9 6 7 8 6 8 3 4 ‘ 

j 68 7069 60 58 5445 60S 5260 

2.5  7.4/ 2.2 9.0] 11.7 6.9] 21.8 11.1] 22.3 16.3 

5.7 7.9] 6.7 28.6] 12.6 11.8] 17.6 12.1 | 20.0 10.1 
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7 7 14 10 10 10 3 6 4 2 oy 
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4 4 12 8 6 5 3 5 3 2 a 

| 2 2 3 3 2 P 1 2 2 P Bier 
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3 3 2 2 2 1 1 2 2 P a 

15.6 15.5] 19.8 16.7] 11.8 14.6] 3.6 7.0] 5.7 2.8 
| 93 869.4] 6.3 1981 10.7 691 8.41 72 8:6 
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of 
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M-760} and M-760}. 


Grain size (mesh) 


Whole sample 


20 


28 


35 


Mile no. 


760} 7603 


7603 


760} 


7604 


760} 


7604 


Weight % of each grade (mech. anal.) 


0.1 


3.4 


0.1 


34.0 


LIGHT SEPARATES (frequency % 


of minerals) 


1. Chert and fine-grained quartzite. 


Feldspars 


4. Oligoclase and andesine..... 
6. Calcic plagioclase........... 


7. Microcline 
8. Orthoclase 
9. Weathered 


. Volcanic glass 


. Serpentine and/or chlorite...... 


and sanidine.... 
feldspar........ 


7 5 
8 8 
59 69 
16 8 
Pp = 
4 6 
1 1 
4 3 
Pp 
Pp 
R R 
R 
R 


19 


Awn 


onn 


HEAVY SEPARATES 


Weight % of heavy separate 


Weight % of magnetics 


Frequency % of other minerals on 


basis of 100% 
Iimenite...... 
. Leucoxene.... 


. Limonite and hematite. 


1 
2 
3 
4. Pyrite. ...... 
Rock grains. . 
7 
8 
9 


Pyroxenes 


10. Augite and diopside....... 


11. Diallage. . 


12. Brown pyroxene........... 


Amphiboles 


14. Common hornblende....... 
15. Blue-green hornblende. .... 
16. Basaltic hornblende........ 


17. Actinolite 
Accessories 

18. Apatite. . 

19. Zircon... 

20. Titanite.. 

21. Rutile... 


Tourmaline 
. Tourmaline 

. Garnet (a).... 
. Garnet (b)... 
. Garnet (c) 


. Collophane.. . 


. Dolomite and siderite.......... 


and tremolite.... 


Total pyroxenes. . 
Total amphiboles. 
Total accessories. . 


Ratio: Quartz to quartz plus total 


69 78 

8.0 14.9 
14.0 
3.0 2.3 


89 


85 


84 


P =Present in amounts less than one per cent but fairly common. 
R=Ra 


= re. 


132 
6 
5 
70 
= 
16. Carbonaceous matter......... 
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TABLE 3. Mineral 


M-968} and M-972}. 


Grain size (mesh) 


Mile no. 


9684 9724 


Weight % of each grade 
(mech. anal.) 


trace 


LIGHT SEPARATES (frequency % of minerals) 


1. Chert and fine-grained 
quartzite..... 

2. Other rock grains....... 

Feldspars 

4, Oligoclase and ande- 


5. 
6. Calcic plagioclase... 
Microciine.......... 


9. Weathered feldspar. . 


12. Serpentine and/or 
13. Calcite 
14. Glauconite..... 
15. Volcanic glass. we 
. Carbonaceous matter. .. 


Sus 
Cwr 
a 
Bao 


sin 
P 


wl 

| moo 
| 


6 


an 


HEAVY SEPARATES 


% of heavy separate 


Weight % of magnetics 


on basis of 100% 


=) 
a 


Pyroxenes 
i. Augite a and diopside. 


13: Brown pyroxene. . 
14, Hypersthene....... 
Amphiboles 


16. Blue-green horn- 

17. Basaltic hornblende. 

18. Actinolite and tre- 


22. Rutile. 


29. Tourmaline (a) 
30. Tourmaline (b) 


33. Garnet (b).... 
34. Garnet (c) 
35. Dolomite and siderite... 
36. Collophane............ 


Frequency % of other minerals 


Vos | | | 
VAR 


| Room | 


15. Common bornblende| 


le ao pane PLS | 


| w Fromm 


|» 


an 


aol 


Ratio: Quartz to quartz plus 


Total pyroxenes ........... 
Total amphiboles. ......... 
Total accessories........... 


total feldspar.......... 86 


~ 


Cow 


one 
one 


¥ = Present in amounts less than one per cent but fairly common. 
= re. 


9684 972} 


0.5 trace 


3 3 
42(?) 44 


14(?) 16 


| | | arn 
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composition of samples 4 
es 35 48 65 100 150 200 <200 
9684 9721/9684 9723/9684 9723/9684 972 
i 
4 
P 
2 
0.6 1.441.7 3.4,9.2 47.8/49.8 6 
0.9 1.0) 0.3 6.2] 4.0 10.6/25.9 30.0/23.4 2 
41 
id hematite. . 
R 
2 
P 
4 
P 
3 
P 
Accessories 
6 
P 
P 
P 
26. Sillimanite............. R 
R 
31. Tourmaline (c)......... P 
| 
1 
12 i 
R | 
79 |87 88 75 71 65 61 | 
8 9:15.32 4:3) 22 1.9 i 
; 10 16.0) 8.1 6.7) 4.8 1.3 
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seven samples studied, the determi- 


nation of frequency percentages in 
165 slides (not counting numerous 
duplicates run as checks) and the ex- 
amination of many more. 


RESULTS OF THE ANALYSES 


The mineral composition of the 
three pairs of samples is shown in 
Tables 1, 2, and 3. The composition 
of the various grades, and of the 
whole sample,‘ of the two samples of 
a pair are compared in parallel col- 
umns. Any material retained on the 
14 mesh or coarser sieves was not 
analyzed, as the grains, unless crushed, 
are too large to be easily determined 
under the microscope. It was also 
found to be inadvisable, in most 
cases, to attempt to determine per- 
centages of the various heavy min- 
erals in grades coarser than the 65 
mesh, because of the great number of 
composite grains and of the fact that 
the dark minerals appear opaque. 

Frequency percentages in the tables 


-are shown only to the nearest whole 


percent, since decimal figures give an 
impression of greater accuracy than 
is inherent in the method of analysis 
used (8). The figures for the total 
percentages of the pyroxenes, amphi- 
boles, and the non-metallic accessory 
minerals of crystalline rocks were 
computed from the total number of 
grains counted in each of these 
groups, rather than from a sum- 


Material coarser than the 14 mesh seive 
(1.168 mm.) was removed before analysis of 
the whole sample. Samples M-968} and M- 
972} were seived and bromoformed before it 
was discovered that a portion of the whole 
sample had not been split out, hence no data 
were secured on the whole samples of these 
two. 


mation of the percentages shown for 
the individual minerals. These data 
are given to tenths of a percent, but 
the decimal figure probably is not 
significant. The quartz to quartz 
plus total feldspar ratio is given to 
the nearest whole number, and was 
computed as follows: 


% quartz 
% quartz+total % feldspar 


The total feldspar percentage was 
computed in the same manner as the 
other totals mentioned above, and in- 
cludes weathered grains. Minerals 
which occur only in occasional sam- 
ples are not shown in the tables. 
These will be listed and all of the 
minerals and mineral groups de- 
scribed in another article. 

The size distribution of the more 
common minerals and mineral groups 
are also presented graphicaliy (Fig- 
ure 2). For the light minerals, only 
the quartz to quartz plus total feld- 
spar ratio is given in the graphs. 
For the heayy minerals, distribution 
curves are shown for the magnetics, 
ilmenite, dolomite and siderite, py- 
rite, and total pyroxenes, amphi- 
boles, accessories, and garnets. 

Size distribution of minerals within 
a single sample. As shown by the 
tables and graphs, variation in the 
mineral composition of the different 
size grades of a single sample is very 
marked in every case. Although some 
of these variations are sporadic, cer- 
tain well defined tendencies are evi- 
dent: 

(1) In general, the percentage of 
oligoclase and andesine, the most 
common feldspars in these samples, 


x 100. 
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Fic. 2.—Size distribution curves of the common minerals and 
mineral groups in the samples described. 
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- increases in the finer grades. Micro- 


cline, on the other hand, shows a 
slight tendency toward greater abun- 
dance in the coarser grades. The total 
feldspar content increases in the finer 
grades and the percentage of quartz 
decreases. This is best shown by the 
general, though irregular, decrease in 
the quartz to quartz plus total feld- 
spar ratio. 

(2) Calcite is much moreabundant 
in the finest size, passing the 200 
mesh sieve, than in any other grade. 
The 200 mesh grade also contains 
considerable amounts of this mineral. 

(3) Serpentine and chlorite (grouped 
together), glauconite, volcanic glass, 
carbonaceous matter (coal), and com- 
posite grains of the clay minerals, 
though not abundant in any grades, 
are more common in the finer ones. 

(4) The pyroxenes and amphiboles 
show an increase to a maximum in 
the 100 or 150 mesh grade, followed 
by a decrease. The lower percentages 
of these minerals in the 65 mesh 
grade is principally due to the large 
amounts of rock (composite) grains 
in this size grade. Were these disre- 
garded, all the minerals would show 
higher percentages in this grade and 
the pyroxenes and amphiboles would 
show a more uniform decrease in per- 


‘centage from coarse to fine. 


(5) The distribution of the garnets 
is similar to that of the pyroxenes 
and amphiboies. 

(6) The accessories show an in- 
crease in percentage in the finer 
grades, reaching a maximum either 
in the 200 mesh grade or in the finest 
material, passing the 200 mesh seive. 
(7) Pyrite shows a very marked 
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concentration in the finest material. 

(8) The metallic minerals, since 
they are the highest in specific grav- 
ity, show the effects of sorting most 
markedly. They usually rise to a pro- 
nounced maximum in one of the three 
finest grades, then decrease in per- 
centage. This is shown very well by 
the graphs of Figure 2, where pro- 
nounced modes are evident on most 
of the curves for the magnetics and 
for ilmenite. 

(9) The distribution of dolomite 
and siderite is quite erratic. This may 
be due to the fact that the dolomite, 
much the more common of these two 
minerals, has a specific gravity very 
close to that of the bromoform used 
to concentrate the heavy minerals 
from the rest of the sample. Slight 
variations in the specific gravity of 
the bromoform, or in the time taken 
to make the separation, would there- 
fore affect the percentages of this 
mineral in the heavy separates. 

(10) Rock grains (composite grains) 
are, of course, more abundant in the 
coarser size grades. 

Certain of the lesscommon minerals 
also show the effects of size distribu- 
tion, Collophane is more abundant in 
the coarser grades. Sillimanite and 
kyanite also appear to be more abun- 
dant in the coarser portions of the 
samples. 

These results are in agreement with 
those of other workers except Trow- 
bridge and Shepard. Their results 
show plagioclase more abundant in 
the coarser grades and hornblende 
more common in the finer portions of 
the samples. Probably this is due to 


original differences in the sizes of 
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these minerals in the source rocks of 
the sediments which they studied. 
Comparison of the pairs of samples. 
The composition of the whole sam- 
ples of M-144 and M-146 and of 
and M-7604, show some de- 
cided differences between the twa 
samples of the pairs. Both pairs show 
marked differences in the percent- 
ages of quartz and of oligoclase and 
andesine, and in the quartz to quartz 
plus total feldspar ratio. There are 
also notable differences in the per- 
centages of ilmenite, rock grains, and 
accessories of M-144—-M-146, and in 
the magnetics, pyrite, rock grains, 


dolomite and _ siderite, pyroxenes, 


and amphiboles af M-7603;—M-7603. 


There are also differences in per- 


centages of some of the less common 
minerals. 


Though these differences may not 


appear to be very great, they actually 
are of sufficient magnitude to seri- 
ously impair the accurate comparison 
of the samples. Progressive down- 
stream Changes in the composition of 
samples from the Mississippi River 
are nat great, and variations such as 
shown by the analyses would, to a 
considerable extent, obscure the pro- 
gressive changes. 

in most cases, decided differences 
are also evident between the same 
grades of the two samples of a pair, 
particularly in the percentages of the 
heavy minerals, which show even 
greater differences than the analyses 
of the whole samples. These differ- 
ences may be easily seen in the 
graphs by taking the point on each 
curve where intersected by a vertical 


line representing any given size, and 
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comparing with the equivalent points 
on the same curves of the other sam- 
ples. In some cases one, or even two,. 
grades show nearly the same com- 
position in one pair of samples, but 
the same grade or grades differ widely 
in composition in another pair. No 
single grade or group of grades can 
be chosen which will reconcile the 
differences in composition between 
the two samples of each of the three 
pairs. The 200 mesh grade comes 
nearest to yielding comparable re- 
sults for all of the pairs. 

The causes of these variations in 
percentages of the minerals in differ- 
ent size grades of the same sample, - 
and of differences between samples 
differing in average grain size and 
sorting, have been adequately dis- 
cussed by Rubey (3), as far as the 
heavy minerals are concerned. He 
concludes that they are due to sort- 
ing, differential abrasion, and initial 
differences in the sizes of the vaiious 
minerals. Rubey, however, only con- 
siders the effects of sorting on the 
basis of specific gravity; sorting on ~ 
the basis of shape may also be im- 
portant. 

The same factors which determine 
the distribution of the heavy min- 
erals must also govern the distribu- 
tion of the lights. However, since 
quartz and the feldspars, the domi- 
nant light minerals, have nearly the 
same specific gravity, the differences 
in distribution of these minera)s must , 
be due chiefly to initial differences in 
size. Sorting on the basis of shape 
may also be an important factor in 


some cases, but does not appear to be 
so in the samples studied. Neither 
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does differential abrasion appear to 
be of much importance. 

Since analyses of the whole sam- 
ples, or of single grades or groups of 
grades from each sample, could not 
be used for purposes of comparison, 
the data of the analyses were used to 
. test various comparison methods, in 
the hope that a satisfactory one 
could be discovered. Of the various 
methods tried, the one which gave 
the best results for the heavy min- 
- erals was that suggested by Rubey. 
This consists of averaging the per- 
centages of the various heavy min- 
erals from two grades of each sample, 
one of the grades being the same ac- 
{ual size for each sample, to eliminate 
variations due to initial differences in 
sizes of the minerals, the other being 
the same relative size with respect to 
the sorting of the sample, to elimi- 
nate variations due to differences in 
sorting. This method allows for a 
number of possibilities in the choice 
of these two grades. Any one of the 
five grades analyzed for heavy min- 
eral content could be used for the 
grade of the same actual size for each 
sample. For the same relative size, 
any grade occupying a definite posi- 
tion with respect to the size fre- 
quency distribution of the sample 
could be chosen. Some of these pos- 
sibilities were eliminated by inspec- 
tion of the data in the tables and 
graphs. The others were tested by 
averaging the compasition of the two 
grades chosen and comparing the re- 
sults. Though other methods gave 
better results in single cases, the best 


results for all three pairs of samples 
were secured by using the 200 mesh 
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grade, for the grade of the same ac- 
tual size for all samples, and a grade 
midway between the grade contain- 
ing the maximum amount of material 
and the finest material, for the same 
relative size. In the case of a poarly 
sorted sample, such as M-144, where 
no marked concentration of material 
in any particular size grade occurs, 
this relative size was picked as mid- 
way between the grade containing 
the mean grain size and the finest ma- 
terial. In the samples studied, this 
midway grade is as follows: Sample 
M-144, the 65 mesh; sample M-146, 


the 150 mesh; sample M-7604, the 


200 mesh; sample M-7603, the 150 
mesh; sample M-968$, the 200 mesh; 
sample M-972{, the 150 mesh. For 
purposes of comparison of the heavy 
minerals, then, the composition of 
each of the grades listed above must 
be averaged with the composition of 
the.200 mesh grade of that particular 
sample. In samples M-760¢ and M- 
9684, only the 200 mesh grade must 
be analyzed, since in these samples 
this grade is the ‘“‘midway grade”’ as 
wel) as the one chosen for analysis in 
all of the samples. 

In the case of the light minerals, 
which differ only slightly in specific 
gravity and shape, and whose varia- 
tions in distribution are therefore 
chiefly due to initial differences in 
size rather than to sorting, the analy- 
sis of a single size grade, the 100 
mesh, was found to give a satistac- 


tory basis for comparison. 


The results of this method of com- 


parison are shown in Table 4. It will 
be noted that most, but not all, of 
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TABLE 4. Comparison of the pairs of samples 
Mile no. | 144 146 | 7603 7603 
LIGHT SEPARATES (frequency % of minerals in 100 mesh grade). 


1. Chert and fine-grained quartzite 13 6 
2. Other rock grains 10 


3.0 él 


Calcic plagioclase 


7. Microcline 


9. Weathered feldspar 
. Clay grains 
. Muscovite 


. Volcanic glass 
. Carbonaceous matter 


| we 
| PR 


HEAVY SEPARATES 


Grades averaged 


uw 


Weight % of magnetics 


Feaeunty Y, of other minerals on basis ot 100% 
1 24 


w 
a 
w 


. Limonite and hematite 


10. 
Pyroxenes 11. Diopside and augite 
12. Diallage 
13. Brown pyroxene 
14. Hypersthene 
Amphiboles Connon hornblende. . 
Blue-green hornblende. . 
17, Basaltic hornblende 
18. Actinolite and tremolite. 
Accessories 0, Apatite 


. Chloritoid 

. Tourmaline (a) 
. Tourmaline (b) 
. Tourmaline (c) 


. Dolomite and siderite 
. Collophane 


~ 


Ratio: Quartz to quartz plus total feldspar 


Total Pyroxenes 
Total Amphiboles 
Total Accessories 
P= Present in amounts less than one percent but common. 
R=Rare. X=Rare in one of the two grades averaged; absent in the other. 


9683 972¢ 
Feldspars lesine..... 9 10 
8. Orthoclase and sanidine..... S 3 
~ 10 R R 
11 R R 
12. Serpentine and/or chlorite. .......... P P 
R 
65 150 200 200 150 
& & & & 
200 200 200 200 
11.7 12.0| 30.3 30.7| 20.3 
7100 72 “4 7 
P «66.8 | 
1.4 
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the differences in composition be- 
. tween the two samples of a pair, are 
eliminated. In the case of minerals 
such as magnetite and ilmenite, 
which are particularly susceptible to 
the effects of sorting, due to their 
very high specific gravities, the 
method fails to eliminate all of the 
differences. Also, due to the sporadic 
distribution of the dolomite and 
siderite, not all of the differences in 
percentages of these minerals are 
eliminated. Finally, the differences 
between a very poorly sorted sample, 
such as M-144, and a well sorted one, 
such as M-146, are not completely 
removed. The results, however, are 
greatly superior to those achieved by 
the use of other methods. 


CONCLUSIONS 


In most studies of detrital sedi- 
ments, the heavy minerals are sepa- 
rated, and their percentages deter- 
mined, either from the sample as a 
whole, or from a single size grade or 
group of size grades. Percentage 
determinations of the light minerals 
are usually made on the whole 
sample, if made at all. These methods 
preclude the accurate comparison of 
samples differing in average grain 
size, or in sorting, or in both of these 
features. 

In the case of the light minerals, 
this difficulty can be largely obviated 
by analyzing a single size grade from 
each sample, providing the grade 
chosen represents the average com- 
position of the light portion, and is 
near the central part, of the average 
sample. In the Mississippi River 
samples studied, the 100 mesh grade 
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fulfilled these requirements and gave 
the best results. 

Satisfactory results for the heavy 
minerals can be secured only by 
averaging the percentages of the 
heavy minerals in two size grades of 
each sample. One of these grades 
should be the same for all samples, 
the other should occupy a definite 
position with respect to the size fre- 
quency distribution of the sample. 
The 200 mesh grade, and a grade 
midway between the grade contain- 
ing the maximum amount of material 
and the finest material, were the two 
grades which gave the best basis for 
comparison in the samples studied. 

In sediments of somewhat different 
character from those studied by the 
writer, a choice of different size 
grades may be advisable. However, 
in view of their variation in grain 
size and sorting, and the variety of 
minerals present, Mississippi River 
sands should yield results applicable 
to sandy sediments in general. 


The writer is well aware of the fact 
that there are many types of sedi- 
ment studies where the time involved 
in determining the heavy mineral 
composition of two grades from each 
sample is not justified. Even in 
studies where a comparison is made 
of the percentages of individual min- 
erals in a series of samples, this pro- 
cedure is not necessary if the samples 
are fairly uniform in degree of sorting 
and in grain size. But if the samples 
differ in average grain size or sorting, 
which they frequently do, the use of 
this method, or a similar one, is es- 
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sential to accuracy in any study in- mineral percentages in a series of 
volving the detailed comparison of samples. 
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PETROGRAPHY AND DISTRIBUTION OF A HIGHLY WEATHERED 
DRIFT IN THE KANSAS RIVER VALLEY 


W. FARRIN HOOVER 
University of Illinois 


ABSTRACT 


In the valley of the Kansas River as well as on the adjacent uplands between Manhattan 
and Kansas City, Kansas, is a red clay-like deposit of very fine texture and low textural range. 
Field studies and laboratory investigations consisting of mechanical and mineralogical analyses 


tend to 


rove that the upland phase is a very fay sd weathered till, whereas the terrace de- 
posit is fluviatile in origin, the materials of which 
No definite age has been assigned to these clays. 


ave been derived from the upland deposits. 


In the fall of 1931 the attention of 
the writer was called to a red clay- 
like material in the valley of the 
Kansas River in the vicinity of 
Lawrence, Kansas, by Dr. W. H. 
Schoewe, Associate Professor of Ge- 
ology in the University of Kansas. 
Since the character of these deposits 
had not previously been studied in 
detail, and since the origin was un- 
known, the writer at the suggestion 
of Dr. Schoewe undertook the neces- 
sary field work of which the results 
are incorporated in this paper. 

The study of the red clay-like de- 
posits resolved itself into (1) De- 
tailed mapping of the deposits, (2) 
Laboratory study of the lithologic 
character of the deposits, (3) Classifi- 
cation of the deposits based on phys- 
iographic distribution and lithologic 
character, and (4) Origin of the de- 
posits. 

Acknowledgments —The writer 
wishes to express his appreciation 
to the Kansas Geological Survey for 
the loan of special field equipment. 
Especial indebtedness is due to Dr. 
Walter H. Schoewe for suggesting 
the problem and for his help both 


in the field and office and for advice 
and criticism in preparing this manu- 
script. 

Location.—The area investigated 
in the study of the red clay-like de- 
posits is in eastern Kansas and ex- 
tends eastward along the Kansas 
River from Manhattan, Riley 
County, to Kansas City, Kansas, a 
distance of one hundred and fifty - 
miles. The original plan was to 
consider only the actual valley of 
the Kansas River, between bluff and 
bluff, but it became apparent as the 
field work progressed that it was 
necessary to examine a much larger 
territory in order to comprehend 
more fully the problem of the red 
clay-like deposits, hence all the larger 
tributaries of the Kansas River as 
well as a narrow strip of the upland 
immediately adjacent to the river 
were included in the area of investi- 
gation. The width of the area studied 
varies from three to ten miles. 


OCCURRENCE OF THE DEPOSITS 


General Relations —Physiographi- 
cally the area of the red-clay-like 
deposits lies in the extreme southern 
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portion of the Dissected Till Plains 
Section of the Central Lowlands 
Province as defined by Fenneman (1). 
Recently Schoewe (2) has extended 
the area of the glacial drift in Eastern 
Kansas between fifteen and twenty 
miles south of the Kansas River, 
hence the area of the red clay-like 
deposits lies well within the southern 
boundary of the Dissected Till Plains 
Province and not on the margin. 

The Kansas River, an old age 
stream, flows through the area in a 
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The bluffs on either side of the 
river also reflect the lithology of the 
bed-rock series. At Manhattan, Riley 
County, and at Kansas City, where 
the bed-rock consists largely of 
limestone, the bluffs are very steep 
and precipitous. From Wabaunsee, 
Wabaunsee County to Topeka, 
Shawanee County, the bed-rock of 
the region contains a minimum of 
limestone and a maximum of shale 
with the result that the bluffs along 
the river are lower and less steep due 


Fic. 1.—Terrace of red clay-like material in northern portion 
of Wabaunsee County, Kansas. 


broad flood plain consisting largely 
of fine gray sand. This flood plain is 
practically without relief except for 
long linear depressions bounded by 
low ridges or natural levees. The 
width of the valley varies from place 
to place due to the character of the 
bed-rock of the area which consists of 
an alternating series of limestones 
and shales that belong to the Virgil 
and Missourian series of the Pennsyl- 
vanian (3) and to the Big Blue group 
of the Permian. Where the valley is 
wide the bed-rock contains a mini- 
mum of limestone and a maximum of 
shale; where narrow there is a maxi- 
mum of limestone and a minimum of 
shale. 


to the differential weathering of 
limestone and shale. 

In this area the red clay-like de- 
posits occur typically in three topo- 
graphic positions namely: (1) on 
terraces in the Kansas River valley, 
(2) on the upland and on upland 
spurs, and (3) in the swales or the 
undissected areas at the heads of 
tributary valleys. 

Terraces —The terraces are located 
near the junction of tributary 
streams with the Kansas River and 
vary in area from 4 to 5 square miles, 
as in Wabaunsee County, to 1/16 of 
a square mile as in Jefferson County. 
The thickness of the material ranges 
from 12 to 30 feet. 
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PETROGRAPHY OF HIGHLY WEATHERED DRIFT 


In the entire northern portion of 
Wabaunsee County, the red material 
forms a broad terrace facing the 
Kansas River that is 12 to 20 feet 
high. Excellent exposures are shown 
in the road cuts where north-south 
roads cross the face of the terrace 
as in a cut along Kansas State High- 
way No. 11 approximately } mile 
north of Highway No. 29. Here the 
red material is 20 feet thick (fig. 1). 

In an exposure in a terrace in the 
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northern portion of Johnson County 
the red clay-like material is overlain 
by 3 feet of river silt. 

Two terraces of the red clay-like 
material, an upper and a lower one 
occur on the north side of the Kansas 
River along Matoon Road in the 
southwest portion of Kansas City, 
Kansas. The lower terrace which 
rises 40 feet above the flood plain of 
the Kansas River is a rock bench 
capped by red clay-like material. The 


Fic. 2. Exposure on W. side of Matoon Road. A-B Red clay-like deposit. B—C. Red and gray 
mottled material. C-D Pebble band. D-E Sand on irregular surface below, in some places in- 
cludes a pebble band. E-F Weathered, gray clayey material containing weathered glacial boul- 


ders. F 


Bed-rock forming bench on which material above has been deposited. 
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section shown in this exposure (il- 
lustrated in fig. 2) is as follows: 


Red clay-like material 
Red and gray mottled clayey ma- 


terial 
Pebble band and sandy material.... 


Gray, clayey, highly weathered ma- 

terial containing weathered boul- 

ders suggestive of old glacialdrift. 3 10 
Dense, massively bedded limestone. 3 8 

On the south side of the Kansas 
River along the west side of the 
S'W. + Sec. 33, T. 
Wyandotte County, along the Argen- 
tine-Holliday road, three occurrences 
of the red clay-like material are to 
be seen namely on the upland, on an 
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the Kansas River. Of the two terraces 
in the Kansas City region, the lower 
one is correlated with the terrace 
found in the western portion of the 
area. This correlation is based on a 
study of the elevations of the upland, 
terrace, and the river bed at Kansas 
City, Buck Creek, and Wabaunsee. 
As may be seen in table I, the lower 


- terrace at Kansas City, when pro- 


jected up stream ties in with the 
Wabaunsee and Buck Creek terraces 
better than does the upper terrace 
of the Kansas City area. 
Upland.—The red clay-like ma- 
terials have a patchy distribution on 


the upland. The exposed thickness 


TABLE I. Table showing elevations of upland and two terraces with elevations of the Kansas River 
for comparison (elevations computed from mean tide level). 


Physiographic 


Buck Creek 


Feature 


Kansas City 


Jefferson Co. 


Wabaunsee 
County 


Upper Terrace 


Lower Terrace 
Kansas River 


1000-1100’ 
900- 950’ 
800-— 850’ 
725— 750’ 


1000-1150’ 


850- 900’ 
800-— 825’ 


1200-1300’ 


1025-1050’ 


950-975’ 


upper terrace, and on a lower terrace. 
The vertical section exposed along 
the road is as follows: 

Ft. 


. Red clay-like material covering rock 

bench (upper terrace) 

clay-like material 
broad lower terrace 

Red clay-like material forming ter- 
race with yellowish silt-like cover- 
ing near the Kansas River 

Yellow silt-like material between 
lower terrace and river 


forming 


The upper terrace, 20 feet below 
the upland level, is traceable around 
the upland spurs into the swales at 
the heads of the valleys tributary to 


varies from 2 to 17 feet. Many excel- 
lent exposures of this upland phase 
showing thicknesses from 10 to 17 
feet have been made in Douglas and 
Johnson Counties in recent regrading 
of state highway number 10. In 
eastern Douglas county, in the N.E. 
corner Sec. 8 and 10, T. 13 S., R. 21 
E., the red clay-like deposit rests 
directly on glacial till. In these ex- 
posures are small siliceous pebbles 
which are relatively larger and more 
numerous at the base than at the top 
and in some instances pebbles are 
entirely absent in the upper few 
inches of the deposit. The gradation 
of the red clay-like material into 


Ft. In. 
3 0 
2 6 
0 8 
to 
1 4 
Red clay-like material covering up- 
to 
4 0 
60 
8 
15 0 
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glacial drift is definitely shown in 
the Eastern Douglas County out- 
crops. 

Where the red clay-like material is 
found occupying the spurs and noses 
of the upland, it seldom shows a 
thickness of over 2 to 3 feet. However 
due to the absence of exposures hav- 
ing a greater depth the true thickness 
of this phase of the deposit could not 
be acertained. 

Swales—The undissected bowl- 
shaped portions of the tributary val- 
leys to the Kansas River are here 
designated swales. These are drained 
by sheet wash instead of streams. 
The red material in the swales cor- 
responds to that capping the upland. 


4 
CHARACTER AND DESCRIPTION OF THE 
RED CLAY-LIKE DEPOSITS 


Characterjstic Features—The red 
clay-like materials display a number 
of constant characteristics that serve 
to make recognition easy. They have 
a decidedly red color and outcrops 
stand in steep banks with little or 
no slumping. They exhibit a decided 
tendency to break as a joint clay 
though when wet they become very 
sticky and plastic. Locally they are 
somewhat sandy. Where the oxidized 
outer few inches of the material have 
been removed, as may be seen in 
recently made road cuts, a zoned ap- 
pearance is commonly noticible. In 
such exposures the upper 2 or 3 feet 
form a red zone that shades down- 
ward into a red and gray mottled 
basal portion. 

Texture, Structure, and Thickness. 
—The deposits consist of a fine- 
grained homogeneous material that 
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shows no indication of bedding. As 
may be seen from table II, the thick- 
ness of the red material varies with 
the physiographic position, reaching 
its maximum development in the 
terraces. 


TABLE II. Relation of physiographic location 
to thickness 


Mini- Maxi- 
Physiographic | mum mum 
Vocation |Thick- | Thick- | Ave- 
ness ness 
Uplands. %: 2 $7" 9'6" 
Nose or Spur... Gf 5’ 4’ 


The great variation in the thick- 
ness of the upland deposits may be 
due either to variations in original 
deposition, or to removal after dep- 
osition. 

The fine clayey matrix contains 
siliceous materials that vary in size 
from small grains 1 mm in diameter 
to pebbles measuring from 5 to 6 
centimeters in the longest dimension. 
The smaller pebbles are mostly dis- 
tributed near the top of the deposit 
but near the base they become larger 
and more numerous. The pebbles are 
mainly composed of chert or chalced- 
ony. Those that occur in the upper 
portion of the deposit have a more 
or less weathered appearance. Where 
the deposit occurs on the uplands, 
the pebbly phase grades downward 
into an unquestionable till. Excellent 
outcrops showing the transition from 
fine to coarse pebbles in the clayey 
matrix occur in the newly made road 
cuts along Kansas State Highway 10 
east and west of Eudora in Douglas 
County. 


4 

| 

| 
j 

| 

4 
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zi 
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The deposits when tested with a 
10% solution of hydrochloric acid 
in the field showed no reaction for 
calcium carbonate but composite 
samples treated in the laboratory 
with a 50% solution of the acid gave 
a feeble calcium carbonate test. 

In order to study in greater detail 
the character of the deposits, samples 
were collected from typical outcrops 
as shown in table III and subjected 
to laboratory study. 

Mechanical Anslysis—The ma- 
terials were sieved and histograms 
were constructed. A study of the 
histograms shows that in each case 
the materia) is fine grained and has a 
low textural range. It is at once ap- 
parent (fig. 3) that the histograms 
may be Classified into two groups, 
one in which there are two maxima, 
and a second group in which there is 
but a single maximum. The former 
indicates a poorer degree of sorting 
than the latter, hence two modes of 
origin of the red clay-like material 
are suggested. As shown by histo- 
grams 1—3 and 7-12 (fig. 3) the red 
clay-like materials coating the up- 
land proper, the upland noses or 
spurs, and present in swales all give 
the same type of histogram in that 
each shows two maxima indicating a 
low degree of sorting whereas histo- 
grams 4-6 (fg. 3) were constructed 
from the result of analyses of terrace 
deposits and show a single maximum 
thus indicating a higher degree of 
sorting. Two exceptions to the gen- 
eralization, that the materials ac- 
curring in a terrace position are 
highly sorted and those on the up- 


land are not, are shown in histogram 
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12, the material for which was col- 
lected from a terrace-like rock bench, 
better classified as an intermediate 
upland, and second in histogram 2 
the material for which was collected 
from an upland spur or nose and 
which shows a high degree of sorting. 
The first exception may be explained 
on the basis of similarity to the swale 
type of occurrence, and the second 
on the basis that the location from 
which that particular sample was 
collected was in a position especially 
favorable to the reworking cf the red 
clay-like deposits of the upland phase 
by sheet wash. 

Histograms 1-3 and 7-12 (fig. 3) 
should be compared with histogram 
13 which shows the texture and sort- 
ing of a probable residual limestone 
soil of the upland. 

Mineralogical anslysis—The first 
step in the mineralogical analysis was 
to remove the coating of red coloring 
matter surrounding the individual 
grains. This was accomplished by 
placing the sample in a beaker and 
boiling in a 50 per cent solution of 
HCl. After the boiling process had 
been completed, the color free screen- 
ings were washed, thoroughly dried, 
and studied. The results of this study 
are tabulated in table IV. 

It is interesting to note that with 
the exception of the clay and three 
occurrences of particles of feldspar, 
all the constituents of the red clay- 
like material are siliceous. This fact 
indicates that the material is very 
highly leached. 


The approximate relative amounts 
of the various mineralogical constitu- 
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TABLE III. Locations of samples analyzed. 
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Histogram Physiographic 

No. position Location 
1 Spur or Nose N.W. Cor. Sec. 21, T. 11 S. R. 13 E. 
2 Spur or Nase S.W. Cor, Sec. 16. T. 12S. R. 24 E. 
3 Spur or Nose Center S. side S.W. i, S.E. 3, Sec. 11, T. 11 S., R. 16 E 
4 Terrace Center E. side S.W. 3, Sec. 21, T. 10 S., R. 10 E, 
j Terrace Center E. side S.W. §, Sec. 7, T. 11S., R. 25 E. 
6 Terrace N.W. corner S.W. 4, Sec. 27, T. 11 S., R. 19 E. 
7 Upland S.W. edge of Eudora, Douglas od 
8 Upland NE. corner Sec. 1, T. 13 S., R. 21 E. 
9 Upland Center E. side Sec. 27, T. 12 S., R. 22 E. 

10 Swale Center E. side Sec. 36, 7,10 13 Ey 

ii Swale Section 28, T. 12 S., R 22 2 E. 

12 Upper Terrace W. side S.W. 4, Sec. 3 LS., 

13 Upland (Residual)| Center E. side Sec. 33, B 19 


TABLE [V. Table showing results of mineralogical analyses 


. Clay Sand- wartz- 

histo- Particles Quartz Chert stone Q ite Chal- Feld- 
cles Grains | Flakes | Pebbles | Pebbles | cedony - 
x M4 x x x 
xX x x 
».4 4 xX 
x x x x 
x Xx Xx 
x x 
x= x x x x 
Xx Xx X 
= x 
X i xX 
xX x x 


ents of the samples analyzed are 
shown in table V. 


TABLE V. Table showing approximate per- 


centages of various mineral constituents of the 
red clay-like deposits. 


Constituents 

Quartz Grains—angular to 

Chalcedony-rounded and 


Color—The red deposit owes its 
color to an iron oxide film that coats 


the individual particles. This may 


have developed from the weathering 
of original iron bearing minerals. 


ORIGIN OF THE DEPOSIT 


There are five possible explana- 
tions for the origin of the red clay- 
like deposits. The material may be 
(1) residual soil, (2) weathered loess, 
(3) a lacustrine deposit, (4) a fluvia- 
tile deposit, and (5) the upper portion 
of a highly weathered glacial drift. 
From the physiographic positions of 
the red clay-like deposits and from a 
comparative study of the histograms 


shown in fig. 3, it is apparant that 
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two phases of materials are present, 
an upland-swale phase, and a valley 
phase, and that two modes of origin 
are represented. 

Origin of the Upland Phase—On 
the basis of similarity of character, 
as shown in the field studies and by 
histograms 1, 2, 3, 7, 8, 9, and 11 
(fig. 3), the red clay-like deposits 
found on the upland and in the 
swales may be considered as having 
a common origin. 

Of the five possible origins sug- 
gested, the drift hypothesis of origin 
is the most tenable for the origin of 
the upland phase. The evidence 
favoring the drift hypothesis is as 
follows: 

(1) The presence of the red clay- 
like materia) on the-upland and in 
the swales may be explained as repre- 
senting a very highly weathered por- 
tion of a glacia) drift. Mechanica) 
analyses of these deposits show that 
the material is poorly sorted, a char- 
acteristic typical of till. 

(2) In the northeastern portion of 
Douglas County, in the vicinity of 
Eudora, the red materia) directly 
overlies an unmistakable till. Here 
the red clay-like material contains 
pebbles which become Jarger and 
more numerous toward the basal 
portion of the deposit, grading finally 
into a true till. 

(3) The red clay-like material is 
very sticky when wet similating the 
gumboti) of lowa which according to 
Kay (4), is a very highly weathered 
till. 

(4) The drift origin of these de- 
posits is suggested by the absence of 
stratification, the wide spread dis- 
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tribution, and varying thickness of 
the material. 

The complete lack of sorting as 
seen both in the field and from the 
histograms and the presence of 
numerous pebbles does not support a 
possible eolian hypothesis of origin. 
A lacustrine or fluviatile origin is 
unlikely since there is a complete 
lack of physiographic evidence of 
lakes or streams at the upland level. 
The residual soil origin for this de- 
posit is improbable because in no 
place in the area studied did the de- 
posit grade downward into the bed- 
rock of the region and in each in- 
stance where the base was exposed the 
red clay-like material graded down- 
ward into an unmistakable till. 

Origin of the valley deposits —The 
red clay-like deposits found in the 
valley of the Kansas River are as- 
sociated with terraces. Jn genera) 
these deposits are similar to those oc- 
curring on the upland, but differ in 
that the terrace deposits are well 
sorted whereas the upland material is 
not. Compare histograms 4, 5, and 6 
with 1, 2, 3, 7, 8, 9, and 11. 

As in the case of the upland phase, 
there are five possible origins to ex- 
plain the origin of the valley phase 
of which the fluviatile hypothesis is 
the most acceptable. The evidence 
favoring the fluviatile hypothesis is 
as follows: 

(1) The well sorted nature of the 
material and the physiographic ex- 
pression of the deposits as terraces 
along the Kansas River. 

(2) A study of the surface levels 
of the terraces between Manhattan 
and Kansas City, Kansas, shows a 
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profile that is parallel to that of the 
Kansas River. 

(3) Histograms of the terrace de- 
posits show that the material is well 
sorted. 

(4) Transportation of materials 
over great distances by streams of 
low gradients would give rise to well 
sorted deposits such as the red clays 
of the terraces. 

(5) The presence of rounded peb- 
bles as well as the general low tex- 
tural range of the material are 
favorable to this hypothesis. 

It is true that some of the nose and 
swale deposits are well sorted (see 
histograms 2 and 11, fig. 3). This 
sorting suggests aqueous origin but 
may be accounted for on the basis 
of reworking the highly weathered 
drift deposits by sheet wash. 

On the other hand the gradation 
of the pebbles in regard to size and 
number from top to bottom is not so 
readily accounted for on the basis of 
the fluviatile hypothesis. It would 
have to be assumed that the velocity 
of the stream fluctuated from time 
to time and that during the later 
stages in the deposition of the ma- 
terial fewer and smaller pebbles were 
available for transportation. The ab- 
sence of stratification in the terrace 
deposits argues against an aqueous 
origin but the lack of bedding may 
possibly be attributed to a long pe- 
riod of weathering during which all 
stratification has been obliterated. 
In the upper terrace at Kansas City, 
the red clays grade downward into 
sandy to gravelly material contain- 
ing considerable clay. This phase is 
either highly weathered gravel in 
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which various igneous rocks have de- 
composed to form the clayey material 
or else the lower portion of the de- 
posit is a till. Since the Kansas City 
upper terrace is the only one in which 
coarser material lies at the base, the 
writer hestitates to consider the 
lower portion just described as repre- 
senting a true till. 

The constant presence of pebbles 
from 1 to 5 mm in diameter, a size too 
large to have been moved to their 
present position by the wind and too 
numerous to be explained on the 
basis of burrowing animals does not 
support an eolian hypothesis of ori- 
gin. A lacustrine hypothesis lacks 
evidence due to the conformity be- 
tween the slope of the terrace levels 
and the slope of the profile of the 
Kansas River and the total lack of 
any field evidence of post-Tertiary 
diastrophism. The mechanical analy- 
ses of the valley deposits as well as 
the lack of field evidence also do not 
support either a drift or a residual 
hypothesis of origin. 

The evidence therefore is more 
favorable to the fluviatile hypothesis 
of origin than any other for the origin 
of the valley phase of the red clay- 
like deposits. 


AGE OF THE DEPOSITS 


The age of the red clay-like de- 
posits is not definitely known except 
that they are younger than the tills 
from which they are considered to 
have been formed. Schoewe has ten- 
tively assigned all the drift in north- 
eastern Kansas to the Kansan stage 
of glaciation. Leverett, on the other- 
hand, has referred an old patchy drift 
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in Missouri, similar to that described 
by Schoewe and occupying the same 
relative geographic position in regard 
to the previously mapped glacial 
border, to the Nebraskan stage of 
glaciation. The upland red clay-like 
deposits are hence considered post 
Nebraskan or post Kansan in age, 
probably the latter. The terrace ma- 
terials are believed to have been der- 
rived from the upland deposits and 
thus are of later origin. No data are 
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available to date the age of these 
deposits more accurately. 


SUMMARY 


In summary the upland phase of 
the red clay-like deposits appears to 
be an extremely highly weathered till 
and the terrace phase of the deposits 
is probably of fluviatile origin the 
composing material having been de- 
rived from the upland deposits. 
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DETERMINATION AND CALCULATION OF SPHERICITY 
VALUES OF PEBBLES 


F, J. PETTIJOHN 


ABSTRACT 


An alinement chart for simplifying computations of sphericity based on Wadell’s ‘‘practi- 
cal” formula for pebbles and small cobbles is presented with an explanation of its use. . 


A clastic sediment is an aggregate 
of grains or fragments of pre-existing 
materials. These component units 
have four fundamental properties, 
namely, (1) size, (2) mineral com- 
position, (3) shape, and (4) surface 
texture (frosting, striations, etc.) The 
first two have been rather fully 
studied by sedimentologists but only 
more recently has the shape of sedi- 
mentary materials received much at- 
tention (1). 

The methods of shape analysis 
proposed either require special ap- 
paratus not usually available or are 
so tedious as to discourage their use. 
It is the purpose of this note to recall 
to the attention of sedimentologists 
a very simple and rapid method used 
by Wadell (2) to determine the shapes 
of large rock fragments and to pub- 
lish a nomograph for greatly simpli- 
fying the calculations and thus sav- 
ing time. 

Wadell distinguished between the 
shape or sphericity (the degree to 
whicha fragment approaches a sphere 
in shape) and roundness (the sharp- 
ness of the edges and corners). Al- 
though this distinction has been criti- 
cized (3), it is now commonly recog- 
nized as a valid distinction (4). The 


present note deals only with spheri- 
city since this is probably a more 
significant property in transportation 
and deposition than roundness (5). 
The true sphericity, y, is defined by 
Wadell as s/.S, where s is the surface 
area of a sphere of the same volume 
as the pebble and S is the actual sur- 
face area of the solid. Owing to diffi- 
culties of measuring the surface area 
of an irregular solid, Wadell proposed 
a “practical method” for actual 
analysis. In the practical formula 
W =d,/D,, where d, is the true nomi- 
nal diameter, i.e., diameter of a 
sphere of the same volume as the 
pebble and D, the diameter of a cir- 
cumscribing sphere. d, is computed 
from a measurement of the pebble 
volume determined by dropping the 
pebble in a graduated cylinder and 
noting the volume of. water dis- 
placed. The longest diameter of the 
fragment is assumed to be the diam- 
eter of the circumscribing sphere, D,.* 
This may be measured by simple 
scale or gauge. 

The computations on each pebble 
involve computing d, from the meas- 


® This is not always the case as pointed 
out by Wadell. Exceptions are, however, be- 
lieved to be too infrequent and too small to 
materially affect the analysis. 
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ALINEMENT CHART FOR 

COMPUTING SPHERICITY 

OF PEBBLES AND SMALL 
COBBLES 


cm. 
9.5 
9.0 
Vor.| dr 
es. 
Cm 0.8 
10 
7.5 
9 
7.0 
6.5 
? 
6.0 
= 5.5 
5.0 
80 
4.5 
75 
3 
.70: 4.0 
10 
65 
3.5 
60: 
2 
58 
3.0 
| 
50 
| 
45 | 
2.5 
0.5}! 
| 40 
3s 2.0 
4.8 A 
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ured volume and evaluating the 
ratio d,/D,. The accompanying nom- 
ograph simplifies this procedure 
(Fig. 1). On this there are three scales 
marked d,/D,, Vol-d,, and D,. To 
solve the above problem, locate the 
volume of pebble on center scale and 
the maximum diameter on the D, 
scale. Connect these two points with 
straight edge. Where straight edge 
intersects d,/D, scale read value of 
sphericity. 

Allowing a minute for measure- 
ment of maximum diameter and vol- 
ume, and a half minute for calcula- 
tion with alinement chart, it is evi- 
dent that a gravel sample of about 
50-100 pebbles can be readily ana- 
lyzed and that a suite of samples 
can be studied in the course of a few 
days. 

The use of the alinement diagram 
does not reduce the accuracy of the 
method since errors introduced by 
the displacement method of volume» 


> For small pebbles a small graduate (25 
or 50 cc) may be used and the volume de- 
termined to within 0.5 cc. For large pebbles 
and cobbles, a cylinder with side spout for 
overflow may be used and the overflow dis- 
placed may be caught and measured with a 
small graduate. Determination of volume 
should be made to 0.5 cc. on pebbles 10 to 20 
cc. in volume, to the nearest 1 cc. on pebbles 
20 to 50 cc. in volume and to the nearest 2 
cc. on pebbles 50 to 200 cc. in volume. This 
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and errors made by measurement of 
the long diameter (to the nearest 0.1 
cm) are the greater than those in- 
volved in reading the scales.° 

Data on esker gravel, openwork 
glacial delta gravel, and lake beach 
gravel have been published. 

An example of the use of the 
method and computation by aline- 
ment chart is here presented : 


Data concerning early pre-Cambrian con- 
glomerate at Locality M.B. 1, Manitou Lake, 
Ontario. 


Location: Mosher Bay, Manitou Lake, Dis- 
trict of Kenora, Ontario, Canada. About 50 
chains due east of narrows between Mosher 
Bay and Manitou Straits on narrow neck of 
land separating Mosher Bay from small bay 
south athe same. 


Note on exposure: Vertical conglomerate beds, 
strike N. 58° E., containing numerous pebbles 
and cobbles and a few boulders up to 20 in. 
in diameter. A count in one square yard dis- 
closed 37 black cherts and iron-formation, 36 . 
granites, 60 greenstones and metadiorites, 
12 felsites and porphyries, 1 vein quartz. 
Bedding pronounced with pea-like grits al- 
ternating with pebble and cobble conglomer- 
ate. Pebbles readily weather out of matrix. 
Shape Analysis: Sphericity, Y=dn/D, 


—_ of accuracy will insure a sphericity 
value correct to the second decimal place. 

° Wadell compared the values obtained by 
this method with those obtained by the 
formula s/S and found the values of the 
practical method to be about 0.10 lower, on 
the average, than the true sphericity. He 
proposed to correct for this difference by add- 
ing 0.10 to all values less than 0.80. Owing to 
difficulties of overlapping of values in the 
0.70-0.90 range, the writer does not believe 
such’‘correction desirable. 


Pebble Rock type 
0. 


Remarks 


Vein quartz 
Felsite 
Greenstone 
Granite 
Greenstone 
Greenstone 
Felsite 
Felsite 
Granite 


Slightly broken 
Slightly broken 


A little matrix attached 
A little matrix attached 


cm. c.c. 
34 
4.62 19 -718 
6.31 29 -604 
5.00 23 . 708 
4.00 19 823 
3.80 15 -803 
3.20 5 -664 i 
8.50 174 815 
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p. 39-140. 

. Haxon WADELL: The coefficient of resistance as a function of Reynolds number for solids 
or various shapes. Jour. Franklin Institute, vol. 217 (1934) p. 459-490. 
Haakon WADELL: Some new sedimentation formulas. Physics, vol. 5 (1934) p. 281-291. 
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DISCUSSION 


CHESTER K. WENTWORTH 
Honolulu, T. H. 


THE METHOD OF MOMENTS 


It is gratifying to see a new statement 
of the method of moments in computing 
the constants of frequency distribution of 
particle sizes in sediments.! As Krumbein 
states in his paper, Wentworth described 
such a method several years ago,? though 
in a form somewhat different from that 
given by Krumbein. In reality, except 
for the formula for skewness, the two 
methods are identical and involve the 
same computations. Wentworth took the 
point of view that for the use of geolo- 
gists the method should be descriptive 
and schematic, with a minimum use of 
mathematical symbols and formulae, 
while based on sound mathematical pro- 
cedure. Whether limited use of his com- 
puting form is due to its complexity or 
to the difficulty of introducing mathe- 
matical procedures among geologists is a 
matter of opinion. Krumbein has intro- 
duced a more formal mathematical treat- 
ment; it is to be hoped that it will prove 
a more effective approach. In particular, 
Wentworth used the scale of grade sizes, 
which he recognized as a scale of equal 
geometrical, or logarithmic intervals, as 
if they were equal arithmetic classes, and 
computed a mean, or point where the 
first moment is zero, from the frequencies 
in these classes 

This is an arithmetic mean of frequen- 
cies in these classes, the limits of the 
classes being recognized as equal inter- 
vals on the logarithmic scale. Krumbein 
courageously takes the mathematical 


* Krumbein, W. C., Application of Lo- 
garithmic Moments to Size Frequency Dis- 
tribution of iments, Jour. Sed. Petrology, 
Vol. 6, 1936, Pp. 35-47, 

2 Wentworth, C. K., Method of Computing 
Mechanical Composition Types in Sedi- 
ments, Bull. Geol. Soc. Amer., Vol. 40, 1929, 
pp. 771-790. 


bull by the horns and converts the logar- 
ithmic scale of grade sizes into a simple 
scale of values of the exponent ¢. This 
symbol is the logarithm, to the base 2, 
of the grade limit in millimeters. From 
values of ¢, the deviations (Krumbein, 
Column 4, Table II) are computed. 
Wentworth gets the same deviations 
(Column 3, Fig. 4) from a starting class, 
by classes, these being equally logarithms 
to the base 2. Wentworth measures from 
a central, commonly modal, class arbi- 
trarily taken for each analysis. Krumbein 
(page 38) has the zero of his scale of 
logarithms, or values of @, at one milli- 
meter grade limit. He also uses negative 
logarithms which give positive values of 
@ for the finer sediments. Wentworth 
achieved the same positive and negative 
directions, without stating it mathemati- 
cally, by giving the positive sign to the 
right-hand end of the grade scale as 
ordinarily used in plotting histograms! 

In both schemes, the average com- 
puted by the first moment method is 
computed as an arithmetic mean of fre- 
quencies in classes or of logarithms of 
grade limits ($), but is of course a geo- 
metric mean of the fundamental quanti- 
ties, as always achieved by taking the 
arithmetic mean of logarithms of num- 
bers. The essential identity of the meth- 
ods of computing the first, second and 
third moments will be apparent on com- 
paring Krumbein, Table II, with Went- 
worth, Tables I, III, IV, and Fig. 5. Both 
first compute standard deviation from an 
arbitrarily chosen origin and correct in 
reference to the true mean by the well- 
known formula 


S.D. = V nz — (m)? 


stated by Krumbein (page 40) and in- 
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REJOINDER TO DISCUSSION 


corporated by Wentworth in his comput- 
ing form (Fig. 4). In converting class 
values, or @ values back to diameters of 
particles in millimeters, Wentworth used 
tables of logarithms to the base 2, with 
reference to the nearest class limit in 
millimeters, whereas Krumbein offers a 
conversion chart which many will regard 
as more convenient. As Krumbein states, 
various formulae are available for setting 
up a skewness constant from the third 
moment, as well as from other computed 
values such as quartiles. It is important 
to state in a given case exactly what 
skewness formula is used; it is impossible 
to say at present which will yield the 
most significant results in stating the 
asymmetries of particle size distributions. 

Certain pages of Wentworth’s paper 
carry a discussion of the relative ‘‘natu- 
ralness”’ of a logarithmic as compared to 
an arithmetic scale in answer to the mis- 
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givings of some geologists and indicate 
that the logarithmic scale, inherent in 
both schemes, is the only really practical 
scale for both analytic and graphic 
studies of sediments over a wide size 
range. 

The continued application of statisti- 
cal methods to the study of sorting of 
sediments is a healthy sign and it is to 
be hoped that the treatment by Krum- 
bein will clarify and emphasize the ad- 
vantages of the method of moments. The 
present discussion is intended, not at all 
to vindicate the Wentworth procedure 
but to clarify the relation of the two 
schemes and to suggest that for those 
fairly familiar with statistical procedure, 
one will probably prove as convenient 
as the other. But for others Krumbein’s 
treatment will undoubtedly throw added 
light on the nature of the statistical pro- 
cedure. 


REJOINDER TO WENTWORTH’S DISCUSSION OF THE METHOD 
OF MOMENTS 


W. C. KRUMBEIN 


University of Chicago 


In Wentworth’s comments on his paper 
and mine, he stresses not only the iden- 
tity of the statistical equations used in 
computing the moments, but also implies 
that step by step the procedures are 
identical. The agreement of equations is 
largely a matter of course in any moment 
method, inasmuch as one invariably fol- 
lows conventional practice in adopting 
equations introduced long ago by statis- 
ticians. As for the step by step agreement 
of the procedures, there are, in my opin- 
ion, several points that have not been 
adequately stressed. These are certain 
fundamental differences in methods of 
presentation and in final results, which 
should be made equally explicit. Thus, 
during his computations, Wentworth 
converts the first logarithmic moment to 


its diameter equivalent, expressed in mm. 
His second moment is converted to a 
“‘size ratio deviation,” and the third mo- 
ment is apparently expressed directly as 
a logarithmic measure. This procedure 
results in the injection of two separate 
independent variables into his results, 
but nowhere is the distinction between 
them made clear. 

It is here that one of the fundamental 
differences in viewpoint arose. My own 
contention is that it is quite important 
to maintain identity of the independent 
variable, so that two separate issues are 
not introduced into the results. This 
insistence on care in the choice of inde- 
pendent variable seems justified by the 
strong likelihood that if sedimentary 
petrologists are to escape from a purely 
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descriptive use of statistical measures, 
and to find the relations between statisti- 
cal parameters and the conditions of 
{ransportation and deposition, it wil) be 
necessary to scrutinize the independent 
variable with some care. The point to 
this discussion is not that Wentworth’s 
partia) conversion to diameter equival- 
ents is unjustified; it is merely that two 
independent variables unnecessarily 
complicate the relations between the 
several measures. 

\n addition to the differences in the 
treatment of the variables, is the differ- 
ence in terminology of the two papers. 
Wentworth repeatedly uses the term 
“arithmetical mean” with more than an 
implication that he is referring to the 
arithmetic mean of the grain sizes, 
whereas his procedure, as he explains, is 
actually logarithmic in nature. Hence the 
diameter equivalent of his first moment 
must be the geometrical mean, although 
this is not mentioned. This is said in no 
derogatory manner; it is simply that 
Wentworth’s caution in avoiding mathe- 
matical terminology lead to the apparent 
confusion of two separate issues. 

It was partly because of difficulties 


REJOINDER TO DISCUSSION 


such as these that I felt impelled to re- 
open the question of moment analysis 
The phi notation, which was developed 
in quite another connection,! was found 
to afford-an independent variable con- 
convenient for use in sedimentary work. 
It was accordingly applied to the setting 
up of a technique of moment analysis 
which would make explicit the steps in- 
valved, as well as the geometrical signifi- 
cance of the measures derived. 

Again, it is without prejudice that 
these points are raised. In preparing my 
paper, two courses were open. As be- 
tween the alternatives of attacking 
Wentworth’s terminology to effect a 
reconci)iation of the points of view, and 
avoiding more than a mention of the ap- 
parent confusion of variables, the latter 
was chosen. I am pleased that Went- 
warth has explained his own use of stand- 
ard statistical equations, and I join him 
in the hope that this clarification of the 
relations between the two papers may 
aid in a wider use of moment analysis by 
sedimentary petrologists. 

*W. C. Krumbem, Size frequecy dis- 


tributions of sediments: Jour. Sed. Petrology, 
vol. 4 (1934), pp. 65-77, (Appendix). 
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A Study of the Sediments of the North Baltic and 
Adjoining Seas. STINA GRIPENBERG, Soci- 
etas Geographica Fenniae 60, Na, 3, 1934, 


231 pages, 28 tables, 45 figures. 
The author has undertaken a detailed and 


comprehensive study of the mechanical and 
chemical composition of the late-Glacial and 
post-Glacial sediments of the north Baltic 
and adjoining seas. The paper consists es- 
sentially of three parts: (1) Outline of chemi- 
cal and mechanical technique, (2) Tabulation 
of results, (3) Discussion and interpretation 
of results. 

The manner of collecting and storing the’ 
samples is briefly outlined and the methods 
used for the determination of carbonates, 
organic matter, nitrogen and electrolytes are 
given in some detail. The theory of the be- 
havior of fine grained setiments in suspension 
is briefly stated and the pipette method, 
4Wiegner’s method and the elutriation method 
are described. The theory of the preliminary 
treatment of fine grained samples selected for 
mechanical analysis is outlined and the hydro- 
gen peroxide treatment, dialysis, electro- 
dialysis and coagulation are discussed. 

The analyses reveal a marked difference in 
organic content between late-Glacial (1.5 per 
cent or less) and post-Glacial (3 or 4 per cent 
or more) sediments. This is thought to be due 
‘to a changed balance between inorganic and 
organic sedimentation, which followed the 
withdrawal of the ice front from a given local- 


ity. It is shown that the organic content is 
t 


related to grain size,\the clays as a rule con- 
taining more than the silts, and the silts more 
than the sands. The distribution of late- 
Glacial and post-Glacial sediments is de- 
scribed, the latter occur more commonly in 
depressions and in sheltered bays near land. 
‘The organic content of the post-Glacial sedi- 
ments is influenced by currents. Circulation 
in the Baltic is described. Late-Glacial clays 
are uniform in organic content to a depth of 
20-35 cm., whereas in post-Glacial] sediments 
organic matter decreases with depth in the 
Bothnian Bay, but increases elsewhere in the 
Baltic. Two influences have acted upon the 


organic content in opposite directions, one 


being decrease with depth caused by time of 
buria! and biological conditions, the other, 
increase due to changed conditions of sedi- 
mentation. 

Nitrogen was determined in 76 bottom | 
samples. The mean C:N ratio was found to 
be 10 or exactly the same as for soils, Regional 
differences are observable. ‘The differences in 
C:N ratios is ascribed to varying influences 
of land humus on organic sedimentation. 

The tendency to dissolve calcium carbon- 
ate, olten observed in Baltic sea water, is dis- 
cussed. It is shown that the surface water of 
the Baltic, as a rule, is ynsaturated:-Only. in 
the summer ts saturation possible. From the 
low temperatures prevailing below the dis- 
continuity layer and the lower pH-values 
observed here, it may be concluded that the 
bottom water of the Baltic is always unsatu- 
rated with respect to calcium carbonate. 

The distribution of carbonate-containing 
sediments over the south Bothnian\Sea is 
described and the occurrence of Silurian lime- 
stone in this area is noted. A common feature 
of samples from this area, whether rich or poor 
in lime, is the abundant occurrence of smali 
white lumps (disseminated in the clay. The 
author states that these lumpsare the remains 
of completely weathered pieces of limestone. 
The site and extension of the Silurian outcrop 
area is discussed. A low carbonate content is 
characteristic of samples collected near the 
Estonian coast in the Gulf of Finland and in 
the North Baltic. The lime present is attri- 
buted chiefly to the Silurian of Estonia and 
Gotland. No carbonates were found in samples 
from the Aland’Sea and the Archipelago. 

The mechanica) composition of the Baltic 
bottom deposits is referred to seven different 
types based. upon particle size and the degree 
of sorting. As shown by comparison with 
analyses of deep sea deposits determined by 
Odén, Traskand Stetson, the Baltic sediments 
belong to the finest grained type of sea de- 
posit. 

The paper is well written and should be a 


valuable reference for the workers who are 
interested in the chemical and mechanical 
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technique required in the study of the finer 


grained sediments. 


STANLEY A. TYLER | 
University of Wisconsin 


On the Weathering of Rocks and the Com- 
position of Clays, ANTT1 SALMINEN, Maata- 
louskoelaitoksen Maatutkimusosasto Agro- 
geologisia Julkaisuja No. 40, Soil Division 
of the Central Agricultural Experiment 
Station of Finland, Helsinki, 1935. 

This bulletin presents an excellent summary 
and discussion of the studies made to date on 
the effects of weathering on-the rocks of Fin- 
land. A study of the composition of clays is 
included with chemical analyses, many of 
which are recalculated to mineral composi- 
tion. 

The study indicates that an acid reaction 
of soils and ground waters exists in the north- 
ern climates, which results in the loss of alum- 
ina and iron with an increase in silica. This is 
contrasted with the effects of weathering of 
rocks in warm moist climates which give 
alkaline reactions; here an increase in iron and 
alumina with a decrease in silica is found. 

Only a slight relationship exists between 
the composition of the bed-rock and that of 
the overlying clay. Salminen found that the 
degree of metamorphism and the age of the 
clay deposit have little effect on the chemical 
composition of the clays. 

A relationship is found between the grain 
size and the mineralogical and chemical com- 
position of the clay. In the finer grained sizes 
the percentage of bases increases and that of 
the silica decreases. This may be a result of 
the hardness of quartz relative to the other 
constituent minerals, and also of the different 
transportation capacity of the minerals. The 
recalculation of the chemical analyses to the 
mineral composition indicates an enrichment 
of the micas in the finer clays, accompanied 
by an increase in titania, alumina, and iron. 
The finer portions of several samples were 
separated in the laboratory and their analyses 
compared with the fine grained clays. The 
analyses check very closely. 

A series of experiments on the effects of 


REVIEWS 


wave and beach action on pebbles was made 
and the results tabulated. Carefully weighed 
stones were placed on rocky and sandy 
beaches’ ta determine the rate of abrasion 
under natural conditions. At intervals the 
stones were taken to the laboratory, weighed, 
and the loss of weight determined. A loss 
as large as five per cent in a month’s time was 
found. The rate of wear was noticable in all 
cases, but it is more rapid on stony beaches. 
Jt isdependent upon the strength of the wave 
action. The ultimate product resulting from 


the abrasion of rocks closely corresponds to 
the composition of the clays studied. 


W. Marspen 
University of Wisconsin 


Bordeaux et L’Estuaire Girondin, FRANCOIS 


published in Bordeaux, Imprim- 
eries Delmas (1936), pp. 1-167. 


This work is concerned with improvement 
of the Port of Bordeaux. The different ap- 
proaches to the port are described and results 
of studies of the geology of the surrounding 
region, the passes of the Gironde River, and 
the coastal features and coastal sedimentation 
are given. The sediments contributed by the 
Gironde River to its estuary and the sea are 
described and there is consideration of the 
methods of the lithification of these sediments. 
There is considerable discussion of the differ- 
ential distribution of the sediments, particu- 
larly in relation to the formation of bars. 
Coastal features related to erosion and the 
correlative deposition are described. Illustra- 
tions of ripple mark, the work of rock-boring 
mollusks, and the varieties of sediments are 
given in a number of photographs. 

Several parts of the work are devoted to 
description of dredging and sounding appara- 
tus and there are graphs giving the results of 
sounding. 

While this work is primarily focused upon 
the engineering aspects of the approaches to 
the Port of Bordeaux, it contains much that 
is of interest to the sedimentationist. 

W. H. TWENHOFEL 

University of Wisconsin 
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